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Abstract 
The use of PCMs for improving buildings’ thermal comfort conditions and reducing summer cooling need has been largely 
investigated in the last decade. The capability of these materials of storing heat in latent form has been pointed out, especially 
when integrated in building envelopes. This paper deals with the analysis of the benefits in terms of buildings’ energy saving 
generated by the integration of PCMs inside two types of membrane for roofing applications, i.e. a traditional bitumen membrane
and an innovative cool polyurethane-based membrane. To this aim, the dynamic simulation of the energy performance of a test-
room was carried out. Four configurations were simulated and compared: (i) roof covered by a bitumen sheet membrane, (ii) roof 
covered by a cool membrane, (iii) the cool membrane with integrated PCMs, and (iv) the bitumen membrane with integrated 
PCMs. Both winter and summer conditions were studied. The results showed that PCMs integrated into the cool membrane are 
able to guarantee a 10.4% cooling energy saving, while PCMs integrated into the bitumen membrane generate a 12.6% of energy 
reduction for cooling if compared to the only bitumen membrane. The same roof configurations without taking into account the 
roof insulation layer generate a reduction of the cooling energy requirement of about 9.4% and 16.6%, respectively. In winter 
conditions, the reduction of the heating demand generated by the integration of PCMs inside the bitumen membrane is about 
4.4% and 6.9%, with and without considering the roof insulation, respectively. Additionally, the heating energy saving generated
by including PCMs into the cool membrane is equal to 5.4% and 8.4%, with and without considering the roof insulation layer, 
respectively. These results demonstrated that the integration of PCMs in both cool and non-cool roof membranes is able to reduce
building energy requirement in both summer and winter conditions, especially in non-insulated roof configuration. 
© 2013 The Authors. Published by Elsevier Ltd. 
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1. Research Background 
Climate change and local microclimate phenomena have a serious impact on buildings’ energy consumption, 
especially at urban scale [1-2]. Many mitigation strategies have been proposed aimed at (i) reducing buildings’ 
energy requirement for cooling and (ii) improving the indoor thermal comfort conditions [3]. The increase of the 
urban surfaces’ albedo [4], together with the increase of the urban vegetation [5] and the use of highly reflective cool 
materials for roofs and paving applications [6-7] were detected to be the most effective strategies for 
counterbalancing the summer overheating of urban environments. 
In this scenario, an option to decrease urban buildings’ surface temperatures is represented by phase change 
materials [8-9]. These materials are able to store heat in a latent form by changing their phase from solid to liquid 
and vice-versa [10-12]. In particular, they are mainly used as they are able to absorb heat during the day through the 
melting process and to release it at night through the solidification process. This property makes them suitable for 
the integration in buildings’ envelopes in order to increase walls’ thermal capacity and delaying the peak heat load, 
by consequently reducing the surface temperature and decreasing the heat flow through the walls [13-14]. To this 
aim, Ascione et al. [15] investigated the achievable cooling energy saving through integration of PCMs into the 
envelope of a well-insulated and massive building, and analyzed the impact of PCMs. They found that the greatest 
influence parameter is the phase change temperature, and that the energy request decreases with the increase of the 
PCM thickness. Furthermore, Hawlader et al. [16] investigated the influence of different parameters on the behavior 
of encapsulated paraffin. The results showed that encapsulated paraffin is characterized by a good potential as a 
solar-energy storage material, given the high thermal-energy storage/release capacity of the microcapsules (145–
240J/g). In the same scenario, Kuznik et al. [17] evaluated the thermal performances of a PCM copolymer composite 
when integrated in wallboard. Results showed a decrease of the indoor air temperature of about 4°C, and a global 
enhancement of the indoor comfort conditions. In Bents et al. [18], the potential applications of PCMs in concrete 
technology are investigated.   
2. Purpose of the research 
Based on the outlined research background, the present work is aimed at evaluating the energy performance of a 
dedicated test-room selected as prototype building with and without the integration of PCMs inside different roofing 
membranes. To this aim, the dynamic energy simulation of both the winter and summer energy requirement was 
carried out in four scenarios, by comparing different configurations of the roof technology. Therefore, the main 
purpose is to investigate the effect of PCMs coupled with traditional and innovative roofing membranes on energy 
requirement, with varying climate conditions. 
3. Materials and Method 
The applied methodology consisted of the following main steps: 
x Energy modeling of the prototype building; 
x Dynamic simulation of the energy performance of the different configurations; 
x Analysis and comparison of the results. 
3.1. Dynamic Energy simulation 
Four different configurations of the test-room were simulated by changing the roof technology as follows: 
x roof covered by a bitumen membrane (BM) without PCMs; 
x roof covered by a cool polyurethane-based membrane (CM) characterized by high solar reflectance and thermal 
emittance without PCMs; 
x roof covered by CM with PCMs; 
x roof covered by BM with PCMs. 
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Therefore, simulations were carried out by varying the following parameters: 
x Presence of PCMs in the roofing cover: (i) roofing membrane with PCMs, and (ii) roofing membrane without 
PCMs.
x Material coupled with PCMs: (i) CM and (ii) BM. 
Energy Plus is able to simulate the behavior of phase change materials through a finite difference solution 
algorithm, by means of several iterations updating the varying specific heat (Cp) of the PCM. Therefore, the proper 
enthalpy value is used with reference to each time-step. Additionally, the simulation of phase change materials in 
Energy Plus requires the definition of a regular new material, by indicating the temperature coefficient for thermal 
conductivity and a set of input parameters for the definition of the temperature/enthalpy function. 
The selected organic PCM is a theoretical material with melting point at 26 °C. The main properties of such 
material are summarized in Table 1: 
Table 1. Characteristics and properties of the selected PCM. 
Material type Operational range (°C) Melting Point (°C) Phase change enthalpy (KJ/ kg) 
Organic  -20/100 26 110 
3.2. Case Study 
The selected case study for the evaluation of the energy performance of the roofing membranes with integrated 
PCMs is represented by a prototype building situated inside the Engineering Campus at University of Perugia, Italy 
(Fig.1).  
Fig. 1. Prototype test-room situated inside the campus of the Engineering Faculty in Perugia, Italy.  
The test-room is a 4m×4m×3m case study building characterized by traditional construction technology [24-25]. In 
particular, the external walls consist of plaster dense (0.02m), EPS insulation (0.09m), brickwork (0.30m), and 
gypsum plastering (0.02 m), for a global thermal transmittance of 0.29 W/m2K. The ground ceiling consists of 
linoleum (0.004m), glass fiber slab (0.10m), and cast concrete (0.30m), for a total thermal transmittance of 0.30 
W/m2K. The glazing system consists of a double system with air filled camera (4 mm+15 air+ 4 mm), characterized 
by a solar heat gain coefficient [g] of 42% and a thermal transmittance [U] of 1.3 W/m2K. As concerning the roof, it 
consists of internal gypsum plastering (0.015m), aerated concrete slab (0.20m), mineral wool insulation (0.10 m), 
and a bitumen sheet (0.01m), for a global thermal transmittance of 0.25 W/m2K.  
Therefore, the roof technology was modified for each configuration in order to evaluate (i) the impact of PCMs 
on the energy performance of the test-room and (ii) the effect of the integration of PCMs in the cool membrane 
rather than in the bitumen sheet. Therefore, Table 2 summarizes the four simulated scenarios: 
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Table 2. Evaluated configurations of the roof.  
Scenario Technology 
i 1.Bitumen sheet (0.01m) without PCM 
2.Mineral wood insulation (0.10m) 
3. Aerated concrete slab (0.20m) 
4.Gypsum plastering (0.015m) 
ii 1.Polyurethane-based cool membrane (0.004m) without PCM 
2.Bitumen sheet (0.01m) 
3.Mineral wood insulation (0.10m) 
4.Areated concrete slab (0.20m) 
5.Gypsum plastering (0.015m) 
iii 1.Polyurethane-based cool membrane (0.004m) with PCM 
2.Bitumen sheet (0.01m) 
3.Mineral wood insulation (0.10m) 
4.Areated concrete slab (0.20m) 
5.Gypsum plastering (0.015m) 
iiii 1.Bitumen sheet (0.01m) with PCM 
2.Mineral wood insulation (0.10m) 
3.Areated concrete slab (0.20m) 
4.Gypsum plastering (0.015m) 
Additionally, the same scenarios were simulated without considering the roof insulation layer, i.e. 10 cm panel of 
mineral wool. Therefore, the dynamic simulation of the energy performance of the test-room was carried out in the 
four different configurations, both  in summer and winter conditions. 
4. Results and Discussion 
Figure 2 (a, b) shows the trend of the primary energy requirement (kWh/m2) for heating (a) and cooling (b). The 
graphs show that the application of the bitumen membrane with integrated PCMs is able to guarantee an energy 
consumption for heating decreased by 8.2% in the coldest month (January), while the cool membrane leads to the 
highest winter energy consumptions, with an increase of 5% (January). 
As concerning the cooling energy demand, the white polyurethane-based membrane with integrated PCMs 
generates the lowest energy requirements, with a reduction of about 10.4% in the hottest month, i.e. August, with 
respect to the cool membrane without PCMs. In particular, the application of the only cool polyurethane-based 
membrane on the roof, rather than the traditional bitumen membrane, generates a maximum reduction of 15% of the 
cooling energy demand (July). Additionally, the integration of PCMs into the cool roofing membrane results in a 
22.6% (July) decreased cooling energy requirement. Additionally, PCMs are able to decrease the energy requirement 
for cooling of the test-room up to a maximum of 12.6% (July) when integrated with the traditional bitumen 
membrane, with respect to the only traditional bitumen membrane. 
As concerning winter conditions, the maximum reduction of the heating demand (10.3%) was registered in 
February by using the bitumen membrane rather than the cool membrane. The integration of PCMs into the bitumen 
membrane is therefore able to generate a maximum reduction of 4.4% (December) if compared to the only bitumen 
membrane. 
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The same dynamic energy simulation was therefore carried out without taking into account the roof insulation i.e. 
mineral wool. The results of the analysis are plotted in Fig. 3(a, b). 
Fig. 2(a, b). Simulated energy requirement (kWh/m2) for (a) heating and (b) cooling of the test-room.  
 These results show that the configuration consisting of bitumen membrane with integrated PCMs generates 
the lowest energy consumption for heating, with a decrease of 15% during the coldest month (January) with respect 
to the cool membrane. Additionally, the application of the cool membrane without PCMs is able to generate the 
highest heating energy demand, with an increase of 8.4% in January. In particular, the integration of PCMs into the 
cool polyurethane-based membrane generates a maximum decrease of  8.4% of the energy requirement for heating 
(January), with respect to just the cool membrane. Furthermore, the heating energy saving generated by the use of 
the traditional dark colored bitumen membrane instead of the almost white polyurethane-based membrane leads to a 
maximum decrease of 17.7%  in February. Additionally, a roof cover consisting of bitumen membrane with 
integrated PCMs generates a 21.1% maximum decrease of the heating demand if compared to the roof covered by 
the only cool polyurethane-based membrane (February). 
As concerning the energy requirement for cooling, the configuration of cool membrane with integrated PCMs 
leads to the lowest cooling demand, with a decrease of about 37.8% in August. In particular, the use of the only cool 
polyurethane-based membrane rather than the bitumen sheet leads to a cooling energy saving of 34.4%. The 
integration of PCMs into the cool membrane generates a total decrease in the energy requirement for cooling of 
39.4% (July) if compared to the dark colored bitumen. Finally, the integration of the same PCMs into the bitumen 
membrane generates a decrease of 16.6% (July) of the cooling energy demand. 
 Fig. 3(a, b). Simulated energy requirement (kWh/m2) for (a) heating and (b) cooling of the test-room, without considering the roof insulation 
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5. Conclusion and Future Developments 
The dynamic simulation of the energy performance of a prototype building in four roof configurations was 
carried out in winter and summer conditions. The main purpose was to evaluate the variation of the building primary 
energy need with and without the integration of PCMs in two types of roofing membranes. In particular, the 
comparison between a traditional bitumen roofing membrane and a more innovative cool polyurethane-based 
membrane was carried out. Therefore, four scenarios were simulated, by changing two main parameters, i.e. the 
presence of PCMs in the roofing membranes and the type of roofing material coupled with the PCMs. 
The results showed that the integration of PCMs into the cool polyurethane-based membrane is able to decrease 
the energy demand for cooling up to 10% with respect to the simple cool membrane, and of 23% with respect to a 
traditional bitumen membrane. During winter, PCMs are able to guarantee a heating energy saving of 4.4% and 
5.4% when integrated into a traditional bitumen membrane and into a cool membrane, with respect to the single 
bitumen sheet and to the cool one, respectively. 
By considering the same configurations without taking into account the roof insulation layer, the integration of 
PCMs into the cool membrane is able to guarantee even higher cooling energy saving, i.e. 9.4%, if compared to the 
single cool membrane, while it provides an energy saving up to 39,4% if compared to the simple bitumen sheet 
membrane. Additionally, the introduction of PCMs into the bitumen membrane results in a heating energy saving of 
6.9% if compared to the bitumen sheet without PCM, and of 21.1% if compared to the cool membrane. 
Further research will investigate the energy properties of real organic PCMs through dedicated in–lab and in-field 
analyses. Additionally, a specific experimental campaign will be carried out through the application of the cool 
membranes with integrated PCMs in real buildings’ roof [19-20], to validate the simulation predicted results. 
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